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Expert Pan_el Meetln

e This presentatlon summarizes selected
conclusions and recommendations of an
independent Expert Panel as discussed at their
meeting on May 21-22, 2002.

— The complete final meeting report may contain
minor changes. The Expert Panel Meeting Report
will be published in August, 2002; an electronic
version will be available at http://iccvam.niehs.nih

e The opi‘nions presented here are those of the
independent panel and do not necessarily
reflect the positions of the NIEHS or ICCVAM
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* Background
* Expert Panel members and charge

» Selected Panel recommendations
» General recommendations
» Assay-specific recommendations
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ICCVAM Evaluation of Estrogen Receptor (ER)
and Androgen Receptor (AR) /In Vitro Methods
2000 + U.S. EPA Request to ICCVAM for independent
scientific peer review to:

> Assess the validation status of these in vitro
methods

> Develop minimum performance criteria that could
be used to define acceptable in vitro assays

2001 s Federal Register (3/21/01) request for:
-~ » Data and information on ER and AR methods
> Nomination of experts for Panel
s Background Review Documents (BRDs) prepared

> No standardized methods with completed
validation studies located

2002 « Federal Register Notice (4/5/02) announcesC000:
> Expert Panel Meeting, May 21-22, 2002
> Availability of BRDs
> Request for public comments IcCyAM
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Background Review Documents (BRDs)
ER Binding Assays ‘
ER Transcriptional Activation Assays

AR Binding Assays

AR Transcriptional Activation Assays

Each BRD contains:
e Available protocols

o A review of the procedural components for each
type of assay

* Proposed minimum procedural standards
e Proposed assays for validation

¢ Proposed substances (chemicals) for future
validation studies

icovan_ 0
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Charge to the Expert Panel

Review BRDs and provide conclusions and
recommendations on the following:

1. Assays that should be considered for further
evaluation in validation studies, and their relative
priority

2. Adequacy of the proposed minimum procedural
standards for each of the 4 types of assays

3. Adequacy of available protocols for assays
recommended for validation studies

4. Adequacy and appropriateness of the substances
recommended for validation studies

ICCVAM
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ER Binding Assays
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ER Binding Assay BRD Database

* 14 Assays
» Uterine cytosol: mouse, rabbit, rat
> Cell cytosol: human breast cancer (MCF-7)
> Whole cells: human breast cancer (MCF-7)
> Purified ER: human (h) ERca, hERa +
fluorescence polarization, rat (r)
ERo, rERp

> GST constructs:  anole (a), chicken (c), mouse
S -~ (m), rainbow trout (rt), h ER(def)

* 635 substances tested in one or more assays

e Comparative performance and reliability: Limited
data; however, assays using purified ER (human
or rat o, or ) appeared more sensitive than the rat
uterine cytosol (RUC) assay

ER Bindin ICCVAM |
NICEATM




Panel Recommendations: ER Binding
Assay Development/Validation

« Highest priority should be development of
assays using purified recombinant protein
receptors (human or rat ERa and p).

» Development of an exogenous method for
metabolic activation is desirable but not
essential.

» Consideration should be given to non-
radioactive methods (e.g., fluorescent
polarization).

ER Binding covan S8R
i "RICEATM Nk

Recommended (Selected) Minimum
Procedural Standards for All Assays

* For binding assays
- the dissociation constant (K,) of the reference
estrogen/androgen determined with each assay

- the concurrent positive control should have a binding
affinity 2-3 orders of magnitude below that of the reference
estrogen/ androgen and is tested at multiple concentrations

- — sodium molybdate and a cocktail of protease inhibitors
added to protect the ER/AR from degradation
— For binding assays, substances that bind but do not bring
about a 50% reduction in ER/AR binding should be
classified as “equivocal”.

* Test substances prepared in water, 95-100% ethanol,
or DMSO (in order of preference)

* Solvent controls included in each assay

All Assays ICCVAM »
"~ NICEATM




Recommended (Selected) Minimum
Procedural Standards for All Assays

« The limit concentration is 1 millimolar (mM); solubility
characteristics of each test substance must be taken
into consideration

* Concentration range of test substances span at least 7
orders of magnitude and consist of at least 7 different
concentrations spaced one order of magnitude apart

* Triplicate measurements performed at each
concentration tested

All Assays ICCVAM §
NICEATM

Recommended (Selected) Minimum
Procedural Standards for All Assays

* For TA assays

— the stability of cell lines with a stably transfected reporter
must be monitored

- an assessment of cellular cytotoxicity should be included to
define the upper limit for test substance concentrations

. — For transient transfection methods, a constitutive reporter
gene assay must be included to assess the efficiency of
transfection

« For an assay to be acceptable, the reference estrogen/
androgen and/or positive control responses must be
consistent with historical data

All Assays ICCVAM _J
: NICEATM
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Recommended (Selected) Minimum
Procedgral Standards for All Assays

¢ For TA assays, a suitable nonlinear regression model such as the
Hill equation should be used to estimate the potency (EC;, or IC;,
values) and slope of the concentration-response curve with a 95%
confidence interval ‘ I

» Classification of a test substance as 'positive' should be based on
the use of statistical models pertinent to the characteristics of the
assay

* Replicate studies are not essential but questionable data
confirmed by re-testing

* All studies requiring animals as tissue sources approved by an
IACUC ' -

* The assays should be conducted following Good Laboratory
Practice guidelines

NICEATM

All Assays : ICCVAM o

Recommended (Selected) Minimum
Procedural Standards for ER Binding Assays

*» The reference estrogen is hexa-tritium labeled 178-
estradiol. ‘

» Dextran-coated charcoal the preferred procedure
for separating bound from free labeled 17f-
estradiol.

ER Binding jccvaM
i " NICEATM




Adequacy of ER Binding Protocols

* The U.S. EPA RUC protocol, revised to
include the minimum procedural
standards, was recommended as a
template for other ER binding assays.

e All other ER binding protocols should
incorporate the minimum procedural
standards.

ER Binding

o vk 171w R et <15 A RN g

ER Binding Validation Studies

e BRD Recommendations:
> 33 substances with ER binding assay data
o 3 (10%) negative substances
O 5 substances at each of 6 orders (log spaced)
of relative binding activity values (from <0.001
to >10).
e Panel Recommendations:
> Accept the BRD list.
> Increase the proportion of negative
substances to at least 25% to enhance
assessment of assay specificity.

ER Binding
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ER Transcriptional
Activation Assays

21

ERTA Assay BRD Database

d 95 Assays
> 63 mammalian cell TA assays
* 9 human cell lines
* 3 nonhuman mammalian cell lines
* ER, ERo, ERB (human, mouse, rat) receptors
» Chloramphenicol acetyltransferase or luciferase
reporter gene responses
> 22 yeast (S. cerevisiae) TA assays -
‘= hER, hERo, hERB, mER, rtER receptors
. B-galactosmase reporter gene response
3> 10 mammalian cell proliferation assays
» 4 human cell lines
* 698 substances tested in one or more assays

* Data inadequate for an assessment of
ERS‘:‘omparatlve performance and rellablllty .
’ NlcEAm -
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Panel Recommendations: ER TA
Assay DevelopmentNahdatlon

* No specific assay recommended.

s Recommended pre-validation study on stably
vs transiently transfected cell line with hERa
expression vector, using a reporter construct
with multiple vitellogenin estrogen response
elements (vit-ERE) + luciferase (include cell
line with endogenous hERq).

s Development of an exogenous metabolic
activation system was not recommended.

LER TA icovan ik
NICEATM W

Recommended (Selected) Minimum
Procedural Standards for ERTA Assays

* The reference estrogen (positive control for agomst
studies) should be 17f estradiol.

* A relatively weak estrogenic agonist (e.g., estnol)
should be included as an additional posmve control
for agonist experiments.

* The positive control for antagonist studies should be
| arelatively active antagonist (e.g., ICI 182,780).

» Classification of a test substance as 'positive' for
agonist or antagonist activity should be based on
the generation of a concentration response curve.

* To ensure that a positive agonist response is due to
receptor-mediated activity, the test substance could
be re-tested with ICl 182,780 (the candidate ER

antagonist) present in the culture medium. =
ERTA
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Adequacy of ER TA_ProtocoIs,

* Additional detail needs to be added to the
luciferase activity protocol.

* Add standardized procedures for counting cells,
determining % confluency, and seeding of
plates.

» Add assay acceptability criteria to ensure each
experiment is performed in the absence of
estrogenic contamination.

» Assess and describe the metabolic capabilities
of the cell lines selected for assays.

» All protocols should incorporate the minimum
procedural standards.

| ERTA ICCVAM |
- i NICEATM

Proposed Test Substances
for ER TA Validation Studies

* BRD Recommendations:
> Agonist assays
» 31 substances with ER TA agonist assay data
0 5 (16%) negative substances

0 26 substances classified as weak to potent
agonists

> Antagonist assays -
» 21 substances with ER TA antagonlst assay data
0 4 (19%) negative substances
0 17 substances classified as weak to potent
antagonists
¢ Panel Recommendations:
> Accept the BRD list.
> The same substances should be used for ER
binding and ER TA validation studies.

ERTA ICCVAM
NICEATM
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AR Binding Assays
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* 11 Assays
> Tissue cytosol:

> Cell cytosol:

> Whole cells:
> AR transfected cells:

> Purified AR:

AR Bindin

AR Binding Assay BRD Database

calf uterus; rat prostate,
epdidymis

hAR transfected monkey
kidney cells (COS-1), human
cancer cells (MCF-7, LnCAP)

human genital fibroblasts
(HGF) - ‘ -
hAR or rtAR transfected
COS-1 cells

hARo

¢ 109 substances tested in one or more assays

* Data inadequate for an assessment of comparative
performance and reliability

JCCVAM
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Panel Recommendations: AR Binding
Assay Development/Validation

An assay using purified recombinant hAR
should be developed and validated.

e As an alternative to using the
recombinant hAR (patent protected), a
recombinant AR from other primates
could be considered.

 Inclusion of an exogenous method for
metabolic activation not recommended.

* Consideration should be given to non-
radioactive methods (e.g., fluorescent
polarization).

AR Bindin TecvAM |

T NICEATM

.|* The recommended reference androgen for recombinant

Recommended (Selected) Minimum
Procedural Standards for AR Binding Assays

protein-based assays (i.e., cell-free assays), where
metabolism of DHT would not occur, is 50~
dihydrotestosterone (DHT).

* Due to its high affinity, lack of metabolism, and low non-
specific protein binding, the recommended reference
androgen for most other assays is R1 881 -

. However, as R1881 binds to the progesterone receptor (PR),
binding assays based on cells or tissues that contain this
receptor should include triamcinolone acetonide to block its
binding to the PR.

AR Bindin ICCVAM -
| AR Binding . e vy

15



Recommended (Séieétééj Minimum
Procedural Standards ‘:.‘.’L AR Binding Assays

» Alternatively, mibolerone, which has a low affinity
for PR, is appropriate as the reference androgen
for such assays.

* The concurrent positive control (e.g., cyproterone
acetate) should have a binding affinity 2-3 orders of
magnitude below that of the reference androgen
and must be tested at multiple doses.

ICCVAM

AR Binding
NICEATM

Adequacy of AR Bindihg Protbcols

* No standardized, acceptable protocol was
included in the BRD.

* The standardized protocol for the U S EPA
rat prostate cytosol (RPC) assay requires
additional information.

e All protocols should incorporate the
minimum procedural standards.

AR Binding ICCVAM -
) NICEATM
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for AR Binding Vahdatlon Stud|es;

Proposed Test Substances

e BRD Recommendations: ,
> 31 substances with AR binding assay data

e Panel Recommendations:
> Accept the BRD list.
> The number of negative substances should be
increased.
> Bicalutamide, hydroxyflutamide, finasteride
should be included.

» The same substances should be used inthe
validation of both AR binding and AR TA assays

AR Binding

0 3 (10%) negative substances
O 4-5 substances at each of 6 orders (log spaced) of
relative binding activity values (from <0.001 to >10).

cevan o
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AR Transcriptional
Activation Assays
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AR TA Assay BRD Database

* 17 Assays
» 15 Mammalian cell TA assays
* 6 human cell lines
* 3 nonhuman vertebrate cell lines
» AR (human, mouse, rainbow trout) receptors

* Chloramphenicol acetyltransferase or luciferase
reporter gene responses

> 1 Yeast (S. cerevisiae) assay

* AR (human) receptor

» B-galactosidase reporter gene response
> 1 Mammalian cell proliferation assay

* 147 substances tested in one or more assays

* Data inadequate for an assessment of
comparative performance and reliability

ARTA jocvan
p i NICEATM

Panel Recommendations: AR TA |
Assay Development/Validation

¢ Develop an assay using cells (e.g., MDA-MB-
453) that contain an endogenous AR and
which are stably transfected with adenovirus
containing MMTV-Luc reporter.

s However, the development of a transiently
AR transfection assay would probably be
more sensitive than an endogenous AR
assay, if patents do not limit.

* Inclusion of an exogenous method for
metabolic activation not recommended.

ARTA . ICCVAM |
NICEATM
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Procedural Standards,for AR_ ATA Assa S

. The reference androgen should be R1881

» The transcriptional activation response of the
reference androgen must be demonstrated by a full
concentration response curve.

* The positive control for agonist studies should be
an androgen that is two orders of magnitude less
active than R1881.

* The positive control f'or/antagonlst studies should
be a relatively active substance (e.g.,
hydroxyflutamide).

* Serum-free and phenol red-free media should be
used rather than charcoal stripped serum.

ARTA JCCVAM

e NICEATM

Adequacy of AR TA Protocols |

* Protocols were conS|dered madequate W|th
regard to level of details provided; information
on performance and reliability should be
provided.

» All protocols should incorporate the mmlmum
- procedural standards.

ARTA ICCVAM )

" NICEATM
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Proposed Test Substances
for AR TA Validation Studies

 BRD Recommendations:
> Agonist assays
« 28 substances with AR TA agonist assay data
0 10 (36%) negative substances
0 18 classified as weak to potent agonists
> Antagonist assays
» 25 substances with AR TA antagonist assay data
O 4 (16%) negative substances
0 21 classified as weak to potent antagonists
* Panel Recommendations:
> A list of ~20 substances for pre-validation agonism
and antagonism studies.

> Add substances that might interfere with luciferase
production (e.g., by inhibiting RNA or protein
. Synthesis).

ART, ICCVAM

NICEATM

Other (Selected) Panel Recommendations

¢ Metabolic activation

> The effect of metabolism on the estrogenic/
androgenic activity of the reference substances
should be evaluated, including whether
metabolites have activity.

> The extent that metabolic activation contributes

- to the formation of endocrine active substances
should be assessed. S s

> If important, appropriate metabolic activation
systems for in vitro assays should be developed.

¢ Chemicals selected for in vivo endocrine disruptor
validation studies should be tested in these in vitro

assays.
ICCVAM
@
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Other (Selected) Panel Recommendations |

* A central repository of coded chemicals with verified
purity should be made available for future validation
studies to ensure comparability of data.

* Appropriate agencies should investigate the status of
patents and licenses and provide guidance to the
scientific community on the development of assays
using proprietary materials.

* A sequential testing strategy should be evaluated,
where a positive in vitro assay might preclude
subsequent testing in a different binding/TA assay.

ICCVAM

" NICEATM

21




